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Abstract

Dr. Basil A. Pruitt Jr., a consummate clinical and translational surgeon-scientist, has been spent 

over half a century at the forefront of an advancing standard of burn care. Commanding the US 

Army Institute for Surgical Research in San Antonio, he trained generations of leading burn 

clinicians and allied scientists. At his direction, there were forged discoveries in resuscitation from 

shock, treatment of inhalation injury, control of burn-related infections, prevention of iatrogenic 

complications, and understanding the sympathetic, endocrine, and immune responses to burn 

injury. Most consequentially, this team was among the first recognize and define alterations in the 

basal metabolic rate and thermoregulation consequent to burn injury. These investigations 

prompted groundbreaking insights into the coordinated nervous, autonomic, endocrine, immune, 

and metabolic outflows that a severely-burned patient uses to remain alive and restore 

homeostasis. Marking his scientific consequence, many of his reports continue bear fruit when 

viewed through a contemporary lens. This paper summarizes some of the major findings of his 

career thus far, and is intended to complement a Festschrift recently held in his honor.
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Background

Great minds of the past century sparked a Renaissance that revolutionized our understanding 

of trauma, and consequently improved the standard of care for these injuries: Claude 

Bernard defined the semi-permeable membrane and the internal milieu, giving birth to the 

theory that constancy of an organism’s internal environment is the necessary condition for 

life(1). Walter B. Cannon expanded on the constancy theory to further describe this 

homeostasis as the interaction of complex cyclic biological processes that generate and 

maintain the steady-state(2, 3). David P. Cuthberson investigated the effects of injury, rest, 

and diet on nitrogen balance. He determined that localized injury (extremity fracture) 

produced negative nitrogen balance, an organism-level systemic effect, while rest and 

dietary composition conditioned this response (4–6). Hans Seyle showed that adrenal 

products, whether released in stress states or supplemented, wrought similar effects. Francis 

D. Moore described human body composition—the total body water, fat mass, skeletal 

weight, and (intracellular) body cell mass(7–9). He perceived that respiration occurs in the 

latter compartment alone. Taken together, this pantheon of surgical scientists put together a 

conceptual model: that the stable flow of biochemical energy within and through this 

compartment was life, and the irreversible cessation thereof was death(10). By describing 

how burn injuries could alter the basal metabolic rate, Basil A. Pruitt was at work in a 

moment in time when “the lights came on,” and his work energized the conceptual model 

built by these predecessors. His work with a succession of brilliant clinicians and allied 

scientists has extended and improved life for the burned patient in countless ways. At the 

dawn of his scientific career, he published a mortality review of 1,100 consecutive burns, 

presaging both his work on behalf of burned patients and the larger impact of these findings 

to the common understanding of biology(11). His corpus of research provides 

comprehensive description and analysis of post-injury systemic alterations, and lays the 

groundwork for physiological interventions that continue to define a higher standard in burn 

care.

The concept of hypermetabolism in burns

Spanning 60 years of progressive research, Dr. Pruitt and colleagues have been deciphering 

the systemic changes that occur after burn injury. In describing post-injury 

hypermetabolism, they showed that the burned patient enters a state of systemic activation. 

Post-burn hyperpyrexia, tachycardia, cardiac dysfunction, elevated energy expenditure, 

increased protein catabolism, peripheral wasting of muscle and fat, as well as profound 

alterations of the immune status resemble conditions such as those seen in patients with 

severe disseminated infection, hyperthyroid crisis, and other physiological “storms”. Here, 

we summarize a few of the main findings as we understand them.

Temperature regulation and blood flow

Burned patients need to be protected from evaporative, radiative, and conductive heat loss, 

partially owing to the disruption and dysregulation of their integument. However, the current 

understanding of the complex concept of temperature regulation after thermal injury 

originated consequent to the observation that burned patients have markedly elevated core 
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and skin temperatures soon after injury. To further investigate, these patients were placed in 

a specialized metabolic room (laminar airflow, controlled humidity and temperature) and 

asked to set the environmental temperature to maximize comfort, resulting in the consistent 

selection of a higher room temperature, 30 degrees Celsius (12). These patients also 

consistently demonstrated skin and core temperature increases of almost 2 degrees Celsius 

above controls. These findings persisted at rest and during sleep, indicating an elevated 

hypothalamic temperature set point (“internally warm, not externally cold”). Taken together, 

these findings answered contemporary challenges attempting to attribute the elevated 

metabolic rate solely to the environmental conditions, pain, and agitation.

Along with elevated temperature and set-point, the course of recovery from burn injury is 

accompanied by increased cardiac index (whole-organism blood flow). In a group of burned 

patients undergoing visceral blood flow and metabolic measurements, average cardiac index 

was 8.2 +/− 0.5 liters/m^2 min (13). Aulick et al. demonstrated in 1977 that blood flow in 

the injured limbs of burn patients is increased in relation to the size of the injury, to a 

maximum around 8mL/min per 100mL leg volume seen with 50% surface area burn of the 

leg. Normal levels of blood flow were observed in unburned limbs. In both burned and 

unburned limbs, blood flow was modulated via variations in temperature, with increasing 

temperature resulting in increased blood flow and apparent intact responsiveness to 

sympathetic stimuli (14) These increases in blood flow correlated with increased glucose 

uptake and lactate production, though there were no alterations in limb oxygen consumption 

(15). Blood flow to the muscle groups in the burned legs was also investigated through the 

clearance of locally injected radioactive xenon gas clearance (Figure 1). It was determined 

that blood flow to the underlying muscles is not altered after burn injury (16).

In the previously-referenced study by Wilmore and Goodwin et al., liver and kidney 

metabolic and blood flow measurements were performed. The patients were classified as 

non-infected, bacteremic, and bacteremic with organ failure complication. Hepatic blood 

flow was markedly elevated in non-infected burn patients and even further when bacteremia 

was present. However, in bacteremic cases with organ failure complications, hepatic blood 

flow was decreased below the level of non-infected burn patients, consistent with others’ 

observation of elevated hepatic resistance in shock and endotoxinemic states; this finding 

opened an early window into the pathophysiology of “shock liver,” more correctly termed 

hypoxic hepatitis(17). Oxygen uptake was elevated in the non-infected and bacteremic 

groups and elevated still further in the complicated bacteremic group.

Glucose output, lactate uptake, and alanine uptake were also measured. The kidney was not 

a net producer of glucose. Liver glucose production was elevated 1.5× in the non-infected 

group, 2× in the bacteremic group, and dropped to baseline values in the complicated 

bacteremic group. Lactate uptake was elevated >2× in the non-infected group, and still 

further in the bacteremic group, and was decreased to 1.5× baseline in the complicated 

bacteremic group. Liver alanine uptake was elevated 3× and 4× in the non-infected and 

bacteremic groups, respectively; but dropped to unburned values in the complicated 

group(13). Together with the observation that all 4 patients in the complicated bacteremic 

group did not survive, these findings provide a previously unseen window into the flux of 

biochemical energy during critical illness. They also suggest elevated substrate flux through 

Capek et al. Page 3

J Trauma Acute Care Surg. Author manuscript; available in PMC 2019 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



the Cori (lactate) and Cahill (alanine) cycles, as well as associated obligatory hepatic 

gluconeogenesis (Table 1). After injury, concurrent with an elevated hypothalamic 

temperature set-point and cardiac index, occur qualitative and quantitative changes in the 

flow of biological energy and mass (substrate) through the organism.

Metabolic rate and substrate utilization

The hypermetabolic state in burned patients can be observed through measurements of 

resting energy expenditure. Using multiple methods of indirect calorimetry, Pruitt et al. 
showed that the resting metabolic rate was elevated with increasing burn size, with a 

maximal resting metabolic rate twice that of unburned controls (18). Subsequent studies 

showed that these elevations in energy requirements could be partially modulated through 

adjustments in environmental temperature. Burn patients treated in warm environments of 

32°C exhibited reduced metabolic rates compared to those treated at 25°C, although both 

groups remained hypermetabolic (12). Improvements in burn care can be appreciated 

through the lens of decreasing energy requirements of burned patients. Comparing 

populations of patients burned 15 years apart (in both populations increased resting energy 

expenditure correlated positively with burn size) the more recent patients showed reductions 

in their post-burn resting energy expenditures when compared to prior cohorts (19).

The increased energy requirements due to burns lead to severe weight loss and negative 

nitrogen balance (20). These alterations in nutritional needs prompted research into optimal 

caloric and protein replacement strategies. In the setting of an adequate, constant nitrogen 

intake, increasing carbohydrate feeding spared protein catabolism and mitigated negative 

nitrogen balance, while intravenous fat emulsion did not affect nitrogen balance 

independently (21), (22). These studies extended the findings of Cuthbertson to burned 

patients, and indicated that the primary determinants of nitrogen excretion were the 

carbohydrate intake and the metabolic rate. Nitrogen excretion was minimized when the 

carbohydrate intake approximated the metabolic rate. Exogenous insulin was additive to 

carbohydrate in further decreasing nitrogen excretion when patients were provided constant, 

adequate protein intake(23).

On a cellular level, Curreri et al. deftly illustrated an increased intracellular accumulation of 

sodium in burned patients. Convalescent burn patients showed a slight increase from the 

unburned comparison group; however, in acutely burned patients fed only maximal oral 

intake, red blood cell (RBC) intracellular sodium increased drastically from normal <12 to 

>16mEq, while average caloric intake was 1,600 kcal per day. Patients receiving 

supplemental feedings, at 3,000–6,000 kcal per day showed normalization of this RBC 

intracellular sodium disturbance to levels seen in the convalescent group (24). In this under-

appreciated report, the authors demonstrated a globally-important indicator of cellular 

energy homeostasis (intracellular sodium concentration; reflecting the activity of the Na/K 

ATPase) to be deranged in burned patients receiving then-standard feeding, and suggested an 

improved treatment that normalizes this—adequate feeding of burned patients. This study 

exemplifies one perspective of the tip of an iceberg that is the biochemical alterations 

underlying post-burn hypermetabolism.
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Applying the methods of Hlad et al. (25) to burned patients, Wilmore et al. demonstrated 

large increases in both glucose flux, and the rate constant for glucose disappearance after 

thermal injury(26). However with superimposed sepsis, burned patients exhibited glucose 

flux and a glucose disappearance rate constant that were both below unburned controls(27). 

Together, these findings imply that increased metabolic flux may be necessary to rebuild 

injured tissues, and demonstrate the derangement wrought by superimposed systemic 

infection.

It was shown in 1978 that burned patients exhibit markedly increased phenylalanine flux; 

this being further augmented with the development of clinical sepsis. They demonstrated 

that conversion to tyrosine occurred normally, thus the elevated circulating levels of 

phenylalanine were due to massively increased release from muscle breakdown (28). Dong 

et al. replicated the observation of elevated circulating aromatic amino acids post-burn and 

even more so with superimposed sepsis/multi-organ failure(29). They correlated elevated 

aromatic amino acids with the serum acetoacetate/beta-hydroxybutyrate ratio (a marker for 

hepatocyte mitochondrial energy status) and showed a significant decrease in this ratio after 

post-burn day 7 for the patients who developed multi-organ failure. This decrease was not 

seen in those who did not develop multi-organ failure. Taken together, these works 

demonstrated the pervasive and vitally-important post-injury perturbations in micro- and 

macro-biochemistry which we may now increasingly appreciate because of Dr. Pruitt’s 

work. An expanding vista is now available for study whereby we may discern how an 

organism responds to injury, supporting explosive, regulated growth and cellular 

proliferation, via increased glycolytic metabolism, increased intracellular NADPH, and 

increased carbon skeleton precursor molecules for proliferating/growing cells. This is a 

different, but related, post-injury correlate of Otto Warburg’s observation of aerobic 

glycolysis in neoplasia(30–33). The study of genomic and post-translational mediators that 

orchestrate this metabolic reprogramming is an active frontier. Early data suggesting a shift 

in splicesome composition presage a potential major advance in our understanding of how 

the stress response implements metabolomic change (34–36).

Hormones and Hypothalamic Response

Manifold changes in circulating hormone levels occur in burned patients. Multiple studies 

demonstrated generally normal total T3 and T4, Free T3 and T4, and TSH levels in 

uncomplicated burn patients. However, in those patients with infection or sepsis, decreased 

free T4 and T3 were noted (37). T3 replacement did not grossly alter metabolic rate or 

mortality post-burn (38) but may have decreased the circulating levels of norepinephrine and 

epinephrine. These studies suggest that the hypermetabolic response to burns is independent 

of thyroid hormones(39), but that hypothyroidism in critically ill patients may permit, or 

contribute to, elevated catecholamines.

In a study of nine burn patients, it was found that there was diminished growth hormone 

release following both insulin hypoglycemia and arginine infusion as compared to control 

patients, as well as a significant increase in levels of growth hormone in fasting, 

hyperglycemic burn patients (40). Burned men exhibit hypogonadism and Leydig cells 

failure following burn injury, resulting in depressed testosterone levels(41). Burn injury 

Capek et al. Page 5

J Trauma Acute Care Surg. Author manuscript; available in PMC 2019 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



results in increased estradiol levels and sex hormone-binding globulin, along with a 

concomitant decrease in the secretion of bioactive LH, resulting in suppression of 

testosterone. Together, these studies indicated a pervasive shift from normal hypothalamic 

function to a post-injury mobilization, a prolonged fight-or-flight response, which remains 

partially understood. Wilmore, Long, Mason and Pruitt wrote a review of the coordinated 

hypothalamic response to injury in 1976 called: “Stress in Surgical Patients as a 

Neurophysiological Reflex Response;” it remains as relevant today as it was on the day it 

was published.

Glucocorticoids are elevated following burn injury (whether measured by serum or urinary 

excretion markers). Regulation of glucocorticoid secretion is complex, with multiple 

determinants of adrenal cortex secretion of cortisol, including pituitary adrenocorticotrophic 

hormone (ACTH), but also afferent neural control and hyperthermia itself (which blunts 

adrenal response to ACTH). Furthermore, the usual circadian rhythm of cortisol secretion is 

dampened after burn injury. In 1982, Vaughn et al. reviewed the former and demonstrated 

the latter. They showed elevation in circulating and urinary cortisol, but found a weak 

correlation with the level of ACTH. Better correlations were observed between cortisol and 

total body surface area burned, metabolic rate, or average temperature. These observations 

indicate adrenal hypersecretion of cortisol in response to increased body temperature, 

circulating mediators of hypermetabolism, and direct adrenal innervation, with a decrease in 

adrenal cortex responsiveness to ACTH. On this basis, the authors’ concluded that cortisol 

may play a secondary role in permitting and promoting the changes seen in post-injury 

hypermetabolism (42). They attributed post-injury metabolic and thermal changes primarily 

to sympathetic tone and circulating catecholamines (norepinephrine and epinephrine).

Abnormal leukocyte function and cytokine production

Warden et al. in 1976 demonstrated powerful prediction of post-burn mortality by evaluating 

neutrophil chemotactic function as a percentage of normal volunteers’ neutrophil chemotaxis 

(Figure 2). Less than 50% of normal neutrophil chemotaxis was consistently observed in 

those patients who did not survive (43).

Depressed levels of circulating immunoglobulins (Ig) have been frequently reported after 

severe burn injury. Given the increased susceptibility to infection observed in burn patients, 

Burleson et al. administered hyper immune IgG (2× per week, 500mg/kg, for up to 3 weeks) 

to 35 patients with ~45% TBSA burn. In comparison with 34 controls equivalent in age and 

TBSA burn, IgG levels were increased (44). B cell population was decreased during therapy 

and subtle differences in cultured B cell response to mitogens were observed, while T cell 

populations appeared unaltered in number or response to mitogen by IgG therapy.

Post-burn leukopenia is a common occurrence after severe burns, and Cioffi et al. studied the 

effects of granulocyte-macrophage colony stimulating factor (GM-CSF). They found a 50% 

increase in mean leukocyte counts after the first week post burn in treated patients. 

Treatment with GM-CSF increased myeloperoxidase activity (cytosolic oxidative function) 

week 1 post burn, but these levels then returned to unburned control levels during week 2 

and 3 of treatment, while remaining elevated in the untreated patients. Extracellular 

Capek et al. Page 6

J Trauma Acute Care Surg. Author manuscript; available in PMC 2019 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



oxidative function, measured by superoxide production, was initially depressed in both 

burned groups compared to non-burned controls, although GM-CSF treated patients 

demonstrated a return to non-burned control levels after week 1, while these levels remained 

below control levels in the untreated burn patients (45).

Burn injury and subsequent infections increase circulating levels of endogenous and 

exogenous pyrogens. As reported by Drost et al. in two 1993 papers, marked and prolonged 

cytokine elevations are seen after burn injury (Figure 3) (46, 47).

Ishihara et al. (2009) showed preservation of cardiac contractility with veno-venous 

hemofiltration in a swine model of endotoxemia that otherwise caused loss of end-systolic 

elastance and cardiac index. The authors avoided changes in temperature or preload between 

the groups(48). Notably, all groups demonstrated >100× elevation in circulating epinephrine 

and norepinephrine following endotoxin infusion; these catecholamine levels were not 

significantly altered by hemofiltration.

Catecholamines

Despite myriad factors reported to promote or inhibit the development of post-burn 

hypermetabolic state, the work of Pruitt et al. clearly demonstrates sympathetic 

catecholamines (norepinephrine more so than epinephrine) to be the effector limb of the 

transition to, and maintenance of this hypermetabolic state. Wilmore et al. demonstrated 

catecholamines to be the mediator of the hypermetabolic response to thermal injury via a 

seminal paper (49). Several key findings were produced by this study: beta- adrenergic 

blockade (but not alpha blockade) reduced metabolic rate, pulse, blood pressure, and free 

fatty acids. Also, the investigators documented the “non-living” response to thermal injury— 

poikilothermia. They noted that when burned patients were placed in cooler environments 

(21°C), the metabolic rate generally increased, and urinary catecholamine excretion 

increased in parallel, except in four non-survivors who also showed less catecholamine 

elaboration. The reason for the failure of these patients to develop a sufficient 

hypermetabolic response to allow survival remains only partially understood.

A further analysis of data collected as part of the triiodothyronine replacement trial 

described above showed that metabolic rate increased proportionally to TBSA burn, plasma 

norepinephrine, and plasma glucagon (Figures 4 and 5); and it varied inversely with total 

cholesterol (50).

Inhalation Injury

Inhalation injury increases the risk of mortality and the risk of developing pneumonia, which 

increases mortality further(51). Early investigations focused on diagnostic methods. Moylan 

et al. described the clinical presentation of inhalation injury in 1972 in a report describing 

the utility of pulmonary clearance of intravenous xenon-133 (52, 53). Fiberoptic 

bronchoscopy was reported in 1975, providing primary evidence of the airway 

pathophysiology: hyperemia, increased secretions, mucosal sloughing, airway occlusion, and 

carbonaceous sputum(54). Using an ovine model, the dose-response effect of smoke 

inhalation injury was investigated. These studies suggested that smoke inhalation exhibits a 

Capek et al. Page 7

J Trauma Acute Care Surg. Author manuscript; available in PMC 2019 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



threshold effect, and also recapitulated many of the physiological and histological features of 

smoke inhalation(55–57). This model also demonstrated that the airway pathophysiology is 

absent with carbon monoxide inhalation alone(58). The addition of a 40% TBSA scald burn 

exaggerated the hemodynamic changes seen after smoke inhalation injury, as well as lung 

lipid peroxidation and hypoproteinemia, although pulmonary function parameters were 

unchanged(59). In 1989, high-frequency percussive ventilation was shown to be safe, and 

associated with lower incidence of pneumonia and increased survival in patients with severe 

inhalation injuries(60–64).

Burn Infections

Pseudomonas burn wound histopathological invasion was described by Foley (65), and the 

correlation between histological invasion and quantitative tissue cultures was investigated by 

McManus et al. They observed that negative cultures generally (>95%) implied absence of 

tissue invasion on histological preparations. Half of the rare false negatives in this group 

were due to fungal infections. When 105 or greater colony counts were observed on 

quantitative tissue culture, only 36% of specimens demonstrated invasion of viable tissue 

(Table 2). Although quantitative tissue culture informs organism identification and 

antimicrobial therapy, these authors suggested it should not be used as a surrogate for the 

presence or severity of wound infection (66, 67).

Levine et al. reported a simple, rapid, technique of wound swab determination of wound 

microbiology. Obtaining wound swabs from the surface of healing (non-necrotic) tissues, 

with enough pressure to cause punctate bleeding, they reported that positive Gram’s stain 

from this swab consistently predicted >106 colony counts, and that swab cultures performed 

in broth and in serial dilutions, correlated strongly with flamed tissue biopsy quantitative 

bacterial counts. This report highlights the utility of Gram’s stain in detecting clinically-

significant bacterial colonization, and suggests that properly set-up (quantitative, via serial 

dilutions) bacterial culture is able to serve as a surrogate for quantitative tissue biopsy and 

culture (68).

Two papers studied the utility of subeschar antibiotic administration. A rodent burn wound 

Pseudomonas infection model indicated the carbenicillin, an antibiotic known for area-

under-the-curve dependent bactericidal effect, was effective either under the wound or 

injected subcutaneously distant from the wound. Although colistin, gentamycin, and 

neomycin were studied, these were not effective. The authors concluded that the gradual 

absorption (or depot effect) and perhaps prolonged antibiotic level was responsible for the 

improved survival observed in the carbenicillin group, rather than a specific local effect of 

antibiotic in proximity to the wound/viable tissue interface (69). Subsechar antibiotics were 

used in 19 histopathologically-proven Pseudomonas burn wound infections. There were only 

five survivors, indicating the severity of Pseudomonas burn wound infection, but five others 

died with no evidence of wound infection at autopsy. Overall, bacterial clearance was seen in 

>50% of patients, and the authors indicate that subeschar infusion of semisynthetic 

penicillins was partially effective in their series (70). Evolving antimicrobial susceptibility, 

particularly of Acinetobacter and Pseudomonas, may influence the future generalizability of 

this work.
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In a 10-year (1979–1989) review of fungal burn unit infections, Becker et al. showed that the 

combination of topical, subeschar, and systemic chemotherapeutic agents along with the 

evolving standard of burn care had significantly reduced the incidence of bacterial burn 

wound infections as histopathologically defined and staged.

However, the incidence of fungal burn wound infections remained relatively constant over 

this period, around 7% of admissions. These patients had large burns, half had inhalation 

injuries, and high associated mortality was experienced (74%). Notably, Candida was 

responsible for only 20% of these infections; the remainder were molds, predominantly 

Aspergillus and Fusarium. The authors emphasize the need for histopathological diagnosis 

and rapid, wide debridement (71).

Warden described in 1973 the dangers of central venous cannulation, including a 35% 

incidence of thrombosis and nearly 20% incidence of superimposed suppuration, attributing 

these to “a hazard of medical progress(72).” Munster reported on 64 cases of cardiac 

infection in burned patients, most occurring in the setting of septicemia from gram positive, 

gram negative, or yeast organisms(73). Other infections, including acalculous cholecystitis 

(74) and herpesviridae(75) were described in burned patients with customary rigor and 

insight.

In a 25-year, nearly 6,000 patient review, examining the association with bacteremia and 

mortality, Mason et al. observed that gram negative bacteremia is associated with a 

significant excess mortality (40–50%) than would be predicted based on injury 

characteristics alone. Surprisingly, gram positive bacteremia was not associated with 

increased mortality across any of the subgroups. Yeast in the bloodstream was marginally 

associated with increased mortality. The highest mortality group (100% excess mortality, or 

twice the risk of death) had gram negative (enteric) + gram negative (Pseudomonas) + yeast 

in the bloodstream during their burn convalescence (76).

Past and Future Impact of Dr. Pruitt’s Research

The following areas of research indicate the breadth of Dr. Pruitt’s contribution to science 

and burn care. Suppurative chondritis is a disfiguring complication of ear burns, and leads to 

one of the most challenging problems in burn reconstruction. It is painful for the patient, and 

this secondary infection represents an additional scourge of the burned patient. Mills II et al. 
demonstrated a 10-fold decrease in suppurative chondritis using scrupulous avoidance of 

pressure to burned ears topical 10% mafenide acetate cream applied twice daily, daily 

washing, and early recognition with limited debridement of necrotic material. This study 

demonstrates the concern of Pruitt and colleagues, beyond the preservation of the body cell 

mass, that the burned patient may be restored as fully as possible to function and happiness

—through the avoidance of all suffering and tissue loss that can possibly be avoided (77).

Special populations also received attention from Dr. Pruitt: Amy et al. provided a 33-year 

review (1950–1982) of thermal injuries in pregnancy. 30 patients were cared for, and there 

were 20 maternal and 17 fetal survivors. 50% of survivors successfully carried to term, 

indicating the need for obstetrical consultation and follow-up in the care of these patients. 

Capek et al. Page 9

J Trauma Acute Care Surg. Author manuscript; available in PMC 2019 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Maternal complications negatively influenced fetal outcome, with fetal loss in all patients 

who became septic in this series. The authors point out the need for continuous fetal 

monitoring during resuscitation and during acute volume status changes; 13% of the fetuses 

(2 nonviable and 1 viable) were spontaneously aborted in the first 96 hours post injury (78). 

Graves et al. examined the burn resuscitation of almost 50 children under 25kg. Defining 

adequate end-organ perfusion by urine output of 0.5–1mL/kg/hr, they identified a group they 

felt to be over-resuscitated. Noting that maintenance requirements, on a per-kilogram basis, 

are higher in children, they cautioned that typical ml/kg/% burn formulae may dangerously 

under resuscitate children. As such, they separated the predicted maintenance requirement 

for each child from the resuscitation volume. On the basis of this report, the authors 

recommend, in addition to maintenance, burn resuscitation initiation at 3mL/kg/%TBSA 

burn. In their review, they note that half of children will require adjustment to a higher rate, 

and the importance of monitoring hourly urine output(79).

Conversely, in 2000, when alarmed by increased occurrence of complications due to too 

much resuscitation fluid, Dr. Pruitt warned the burn community about excessive 

resuscitation as a cause of fluid overload. He decried “fluid creep” and recommended 

monitoring of intrabdominal and peak inspiratory pressure to detect fluid overload when the 

volume of infused resuscitation fluid approached 25% of body weight(80). To reduce the 

risk of excessive resuscitation, he recommended use of the modified Brooke formula to 

predict initial resuscitation fluid needs of burn patients (81).

Finally, via the subjects of a 50% full-thickness scald burn rat model, Herndon et al. 
examined the interaction between many of the above-discussed factors. They showed that 

thyroidectomy did not influence the post-burn metabolic rate. Adrenalectomy blunted over 

half the increase in metabolic rate observed in burn-control rats. A higher unburned control 

metabolic rate was observed in adrenalectomized, dexamethasone-replaced rats, but post-

burn the metabolic rate was similar to the non-replaced adrenalectomized rats, indicating a 

smaller incremental increase in metabolic rate after burn. Catecholamine depletion with 

reserpine similarly reduced the post-burn metabolic rate increase by over half of control 

values; unburned, depleted rats had metabolic rates equivalent to untreated, unburned 

controls. Inhibition of prostaglandin synthesis or effect with indomethacin, meclofenamate, 

or RO2-5270 (Hoffman-LaRoche) also blunted by half the post-burn metabolic rate 

compared with controls, although the latter slightly increased the unburned, basal, metabolic 

rate(82). This last study provided the initial fuel for a much greater increase in the common 

understanding of post-burn metabolism; writ large, how life adapts and grows past burn 

injury.
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Figure 1. 
Leg blood flow. Taken with permission from Aulick et al. Muscle blood flow following 

thermal injury. Ann Surg. 1978;188(6):778. http://journals.lww.com/annalsofsurgery/pages/

default.aspx
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Figure 2. 
Impaired neutrophil chemotactic index predicts early burn mortality. Taken with permission 

from Warden et al. Evaluation of leukocyte chemotaxis in vitro in thermally injured patients. 

J Clin Inves. 1974;54(4):1001.
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Figure 3. 
Cytokine elevations after burn injury. Taken with permission from Drost et al. Plasma 

cytokines following thermal injury and their relationship with patient mortality, burn size, 

and time postburn. J Trauma. 1993;35(3):335–9.
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Figure 4. 
Correlation between serum glucagon and metabolic rate. Taken with permission from 

Vaughan et al. Nonthyroidal control of metabolism after burn injury possible role of 

glucagon. Metabolism. 1985;34(7):637–41.
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Figure 5. 
Correlation between urinary catecholamines and metabolic rate. Taken with permission from 

Wilmore et al. Catecholamines: mediator of the hypermetabolic response to thermal injury. 

Ann Surg. 1974;180(4):653. http://journals.lww.com/annalsofsurgery/pages/default.aspx
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